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GULTON INDUSTRIES, INC.
Metuchen, N, J.

1, INTRODUCTION

In recent years booster rockets have been developed with consistently
higher thrusts. An unwanted by product of the immense power is the
airborne sound energy. Measurements of this energy are required to check
out design performance and to set design criteria for aqﬁipment which
must operate in the environment. Microphones have been designed for the
specific measurement of these levels with full scale ranges sometimes in
excess of 190 decibels re: .0002 dynes per square centimeter. The problem
is however, that these microphones should be accurately calibrated over
their entire range. In air this is a difficult process owing to the in~
herent non-linearity as&mciatedAwith the high sound pressure levels.

The éound intensity calibrator developed under contract NAS8-11579
fille this need and provides for calibrations of microphones at sound
levels up to 190 decibels.

The technical approach was unique in that a liquid coupler was
utilized instead of air. This approach resulted in a cal&?rator which
fully satisfied the contract performance requirements.

It is worthwhile to point out that the contract was ?fithe cost-plus~
incentive~fee type where the cost, delivery, and specificp;ions were
incentivized., It is believed that this incentive contract has resulted

in a product having greater versatility at less cost to the Governments,



The following specifications listed beléw are taken from contract
No. NAS8-115§79. They indicate both the target specifications as well
as the most optimigtic performance incentives.

2.1 The sound intensity range shall be from 110 decibels to 175 decibels
(re: 0.0002 dyn@/cmz) {(Most optimum performance 190db).

2.2 The sound intensity calibrator shall have the following charac-
teristicss

(a) .Sound pressure level ref. .0002 dyne/cm® in one decibel steps
from 110 decibels to 175 decibels +1% (most optimum performance 190db).

(b) Freﬁuency response 16 cycles to 10KC with the following fre-
guencies available: 16, 20,25, 31.5, 40, 56, 63, 80, 125, 160, 200, 250,
315, 400, 500, 630, 800, 1000, 1250, 1600, 2000, 2500, 3150, 4000, 6300,
8000, 10,000 £0.5 cycle (most optimum performance 6 cps).

(¢) There shall be a calibration system incorparated in the sound
intensity calibrator to calibrate the calibrated standard. It shall
have four freéuencies {100, 400, 1KC, 6KC) available. It shall also
have three different (120 decibels, 140 decibels, 160 decibels) sound
pressure levels. This calibration system shall be 10.25% accurate in
reference to the National Bureauw of Standards.

An installation of a calibrated standard (+0.5% in reference
to National Bureau of Standards) to serve as a reference will be incor-
poratod in the system.

(d) A method of inserting a "Gulton P420M-6" Microphone into the
sound intenegity calibrator for calibration shall be Phevided. The SPL
on this microphone shall be the same SPL as on the reﬁar@nce microphone
throughout the SPL range. The waveform shall be simmsoidal output at the

above frequencies.



(e) The SPL shall not exceed 110 decibels ref .0002 dynes/cm2

from the exterior of the sound intensity calibrator when the SPL in
the interior of the sound intensity calibrator is 175 decibels (ref.
.0002 dyne/cm?). | '

(£) The physical size of the system shall not be larger than
3" x 3' x 4% and shall be portable.

(g) The system shall operate off of 110 volts +3 volts and a
frequency of 60 cycles +2 oycles.

Delivery

Target delivery 10 monﬁhs from origination, The most optimistic
delivery (7 months).
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The basic approach is to use a small lhuid filled chamber driven
at one end by means of a piston. Motion of the sealed piston tends to
compress the liquid producing relatively high pressures for small excursions
of the piston. In actuality the piston 124 a stack of piezoelectric plates
which apve electrically excited. One can calculate the necessary displace-
ment of the piston to produce a sound level of 190db in the following ways
The isothermal compressibility‘of water or any other liquid

is expressed as: ) _ c:
yhyn T e

A

where C = 0,1368, a constant independent
of temperature

Lp = a factor dependent on temperature
P = absgolute pressure g

For water #» = #456 x 10711 gn2 = 3.14 x 10~6 inches?
dyne ib.

#See Handbook of Chemistry and Physics

Dimensionally 7, = ng = emd/em?
dyne dyne/cm

wvhere
/AY = volume change
vy = original volume
{7 = applied pressure
AL = piston stroke
A, = piston area
A, = chamber equivalent area

{ = chamber equivalent length



The desired sound level is 190 decibels. This corresponds to
the following pressure level:
db = 20 log _F P = actual pressure

Pref. P
Pref. = reference pressure (.0002 dynes/cm’

Py = Pref antilog db
20

= ,0002 x antilog 9.5%

= 6.32 x 105 dynes/cm® = 9.24 1bs/square inch
The drive piston in the final design (see Figure 1) has an effective
diameter of 1.5 inches which corresponds to an area of 1.77 aquare inches.

The shape of the cavity (chamber) is in effect a rectangle intercepting
a coamic frustrum having an overall volume of approximately 1.2 cubic inches
that is to say that V= 1.2 = A L .,

The driver stack (piston) consists of a number of thin discs of
pilezoelectric ceramic cemented together with an epoxy cement to form a
cylindrical column. A voltage applied across the faces of each disc,
all of which are connectoed électrically in parallel causes each to expand
and/or contract depending upon the form of the impressed voltage. The

plegoelectric coefficient defining this motion in the d

33 coefficient

| and is expressed in meters per volt:

the dg3 = metorg = change of length AL_%'*
. volit original length =  »>
applied field E

For the particular nmaterial used

dgg = 200 x 10-12 meters/volt - 78.8 x 10~10 inches/volt
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Combining the equations and solving for the required drive voltage

SR
E = PAsL X -2
2 T = 3,98 x 10 PAgL
33 Ajlg

For the design selected
Asz = 1,20 cuble inches
Ay = 1.77 square inches
Lg = 1.2 inches
P = 0,24 lbs/square inch

E=29,24 x1,2 3.98 ;_;02‘ = 2080 volts
1.77 = 1.2

In the present design twelve individual piezoelectéic plates are used
in parallel thus lowering the required drive level from 2080 to 2080
or 173 volts. 12
Actual experiment with the final chamber shows gﬁat 300 volts (rm@)'
are needed to obtain 190db of sound level. This apparently large
difference between the calculated value and the experimental value is
most likely due to the volume compliance of the chamber and components

affixed to the chamber, i.e., pressure gage, microphones, gaskets,

sealg, ete.



Figure 2 shows the assembly drawing of the high intensity calib;ator.
This drawing shows the swivel stand, adjustment valves, microphones and
pressure gage. A sub-assembly drawing of the~calib§ator is shown in
Figure 3. A cutaway section shows the internal comstruction of the
driver stack (piston), the chamber proper with the mierophones located
in thedir calibration positions. The needle valves, item 16, are shown
in a cutaway view. Two such valves are used in the design. One is
uged to isvlate the chamber from the external fill. The other is used
to isolate the pressure sensor from the main chamber. The chamber operates
in the following manner: Electrical excitation of the pilezoelectric driver
item 4, through connector 5 causes the driver stack to expand and contract.
Motion of the piston against the diaphragm causes a change in the chamber
volume. With needle valve 16 in the closed positiog, no liquid can escape
from the chamber and the pressure varies propovtionally to the displacemsent
of the piston.

The needle valves play an important role in the operation of the
chegmber. Ostentatiously, they isolate the flow of liquid to and from
" the chamber and also to and from the pressure gage. In addition,to that
function they have built in safety adjustment which protect the miecrophones.
In the early stages of the development program simple shut-off valves were
used in place of the modified needle valves. It was found that evacuation
of the air bubbles from the chamber caused ecooling of the chamber., when
the valves were left in the closed position pressure would devd op within
the chamber causing severe damage to the transducers. This problem area
was circumvented by developing a dual purpose needle valve. Basically
a fine ﬂéedle valve was comstructed within the main needle. “‘Phis allowed
a controlled flow past the valve even when the main valve wa%_in the closed

position. The fine needle is adjusted to produce a flow low énough as not



-8

to affect the operation of the chamber even at the low frequency of
operation (6 cps).

Since the dimensions of the chamber are small in relation to the
wavelength of sound in the medium pressures, all points within the
chamber are the same. Thus, eéuipressure is applied té both the
microphone and pressure gage. The pressure sensor is used as the trans-
fer standard of the system. This gage is calibrated statically by means
of a precision mercury monometer or other type of precise calibration
techniéues. The particular gage used is of the strain gage type having
a seismic resonance greater than 2KC. Calculationa based upon & single
degree-of -freedom system show that a system of this type is flat from
de to at least 200 ops. Above this frequency range at: 200 cps the
pressure level is transferred te the standard nmicrophone which is then
used as the standard out to 10KC. The relative response of this tfanso
ducer is checked ?ree field out to 10KC and these values are used as
the reference level. Calibration of a test transducer is accomplished
then by a comparisen techniéue first with the pressure gage to 200 cps
then against the standard microphone ocut to 10KC. ’

It must be pointed out that while the liauid coupler is advantageous
in obtaining the necessary sound intensity level ié does exhibit one
problem area. The problem arises due to the fact that some of the liéuid
coupling media tends to move with the transducer sensing face. The result
of this is to essentially add mass to the assembly thus lowering its
resonance. Calculations made on the Gulton P420M-6 micrephone indicate
that the resonance lowering of the seismic resonance is small being on
the order of 10%; however, if one looks carefully at the construction of
the device there is one other possible resonance that 1s of importance.

The sketch below shows basically the typical mierophone construetion.
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The problem area with this device is the unsupportéd area between
the ceramic-metal plate and the outside edge of the mierophone. Mass
lowering of this resonance causes the minor resonance to fall within
the usable range of the unit, i.e., 6KC to 7KC. The internal standard
microphone was constructed using foil .001 inch thiek. This is four
times the thickness of production type units and resulted in resonances
above 10KC. Operation of the device out to 5KC even with uﬁitm having

00025 inch thick diaphragms was found to be satisfactory.
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A picture of the spystem and outline drawings are shown in Figures {4,
5 and 6. The system is split into two separate sections. The portable
stand contains the calibrator chamber, the evacuation pump and a pressure
supply system. The console assembly contains the electrical driver and the
readout assembly. The driver consists of a beat frequency oscillator, a
power amplifier, an impedance matching induetor and a precision decade
attenuator kused for fine amplitude control). The readout assewbly in-
cludes a dual channel cathode follower decade’ amplifier, analog-to-digital
convertors and two digital voltmeters. A patech panel is included to
inerease the versatility of the equipment. It enables external connection

to the auxilidry devices and allows an interchange of electrical inmputs.

A pimplified block diagram is shown in Pigure 7. The calibration
chamber is evacuated and filled by means of the vacuum pump and air
supply system. The evacuation system is used to remove all air pogkets
from the chamber. Presence of small a@r bubbles cause a decrease in
the attainable gound level within the system. The air supply is derived ’
from & pressurized air tank with a 2000 psi source pressure. Two suc-
cessive pressure regulators reduce this pressure to four (4) psi. It has
been found that this low static pressure is necesséry to collapse any
remaining entrapped air and to provide a bias above atmosphere. The
pressure level is not eritical and no attempt was made to regulate this
level bettde than +10%.

Once the chamber has been completely filled with liquid and the
reservoir needle valve has been closed {except for the leakage noted

in the section of chamber design) the system is ready to operate.
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Frequency selection is made at the oscillator. Control of this
output can be made either by means of a decade attenuator or a high re-
solution potentiometer. Output of the oscillator is amplified 5y the
power amplifier to excite the ceramic driver. A tuning inductor is in-
corporated to match the impedance of the amplifier to ceramic driver.
Excitation of the driver causes a sound level to be produced within
the chamber. This sound pressure is senged by the transducers within
the chamber. Three separate readouts are present for measurement of
sengor vaitage. These readouts ineclude amplifiers A/D converters,
digital display and meter readout.

In addition to the manual operation described above the system has
an automatic mode where a complete frequency response in a test microphone
_ can be produced. Wwhen operating in this mode the secondary standard
microphone acts as the control sensor for the system. After amplifica-
tion the output of the standard feeds back to the oscillator which then
adjusts the drive level to maintain constant sound intensity within the
chamber.

A motor drive control sweeps the frequency automatically over any

desired portion of the system response (6 ops to 10K eps).



6. PERFORMANCE DATA

The accuracy of performance of the high intensity calibrator system

is largely dependent upon the calibration of the pressure gage. This
unit is calibrated at the factory using a dead weight type tester., The
range of the instrument is ~z.5'psid to +25 psid with an overall accuracy
of 0.75% or less than 0.ldb errer. The 6utput voltage of the pressure
gage with amplifier is adjusted to provide 5V DC for 25 psi or 1V DC

( ) 5 psi DC
or 1V
5 pa%géims)

The sound level within the chamber is set by means of the pressure

gage. Converting this pressure level to an equivalent db value result

in the following foar a pressure level of § psi (rms).

db = 20 log P, P= 5 psi=_§ dyne/cn?
Pref, 1.48 x 10~5

Pref = .0002 dynes/cm?

db = 20 log _3.45 x %0'5
2 x 10-4

= 184.74db

The internal standard microphone, Gulton Model MA299561, is used
as the standard in the frequency range of 200 cps to 10,000 ecps. This
gage derives its level from the transfer level of the pressure gage.
The main requirement of this dévice is to have a good frequency response
in the above range. In order to verify the response the microphone was
calibrated at Western Electro-Acoustical Laboratories (WEAL) over a
frequency range of 20 e¢ps to 10,000 cps at parallel and perpendicular
incidence. Response of this unit in a liquid media will approach the
response indicated by the parallel incidence plot owing to the long
wavelength of sound within the coupling liquid. Figure 8 ahoﬁs a typical
response of the transducer between 20 c¢ps and 1000 cps. Using the WEAL

calibrated unit as the system standard (above 200 cps) a response of a
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second nmicrophone was recorded to determine if any chamber resonances
exists. Results of this test are shown in Figure 9. Essentially, this
run indicates tracking between the test unit and the calibpated standard.
Utilizing the pressure gage as the reference measurement and the
standard microphone as the level indicator, a run was performed to
determine that maximum sound intensity that was attainable. Jn this
calibratlion run no attempt was made to drive above 190db although
over portions of the range levels above that figure are possible.
Essentially 190db can be produced from 6 cps through 6KC, Figure 10

shows the results of this run,

Lo SUMMARY

The development effort of contract NAS8-115879 resulted in a calibration
system which met all of the technical performance requirements and in
many areas including sound intengity level and frequency response reached

the "mogt optimum¥ performance levels.

AGiams
5/3/65
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FIGURE 4

GLENNITE® HIGH INTENSITY SOUND CALIBRATION SYSTEM
TYPE KM-4011
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